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Abstract:Thispapercontainsthecommonworkafthe threeprojeCtinvolvedin theadaptiveantennacluster,namelyMETRA,
SATURNandAS/LUM The2000workwasdevotedtopropagationmethodologyissuesw.r.tmultichannelcharacterization.
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Three1STprojectsareconcernedbyoneorseveralof theseaspectsof smartantennas,namelySATURN (Smart
AntennaTechnologyinUniversalbRoadbandwirelessNetworks),METRA (Multi-ElementTransmitandReceive
Antennas)andASILUM (AdvancedSignalprocessingschemesfor Link capacityincreasein UMTS). More
specifically,SATURN considersbeamsteeringanddiversityfor UMTS TDD, beamsteeringandMIMO for
HIPERLANn. METRA is concernedbyMIMO forUMTS FDD andTDD.ASILUM considersbeamsteeringand
interferencerejectionforUMTS TDD andFDD,andhassomeactivityonMIMO. Hence,onemajorcommontopic
amongvariousprojectsis MIMO. In 2000these3projectscommonworkwaspropagationmethodology,which
wasthusthetopicofthecluster. .
It hasbeennowwidelyrecognized[1],[2]thatthecapacityof a MIMO systemdependsonthemultichannel
correlationproperties,whichitselfdependsupongeometricalcharacteristicssuchasangularspreadingatboththe
transmitterandthereceiverside.Severalmeasurementscampaignshavebeenconductedinthevariousprojectsin
ordertostudytheseissues.
SectionI explainsthegoalof themeasurementscampaign,themainprinciplesof thevariousolutionstoreach
thisgoal,andthedifficultiesencountered.
Section2 describesthe 5 solutionsusedrespectivelyby Universityof Bristol,FranceTelecomR&D, KTH
(Sweden),UniversityofAalborg(CPK)and!MST(Germany).
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I Descriptionof thevariousMIMO measurementsmethodologies
All contributorsusea channelsounder,withvariousbandwidths,thusthechannelimpulseresponseis analyzed
withvariableprecision.
All contributorsuse some multi sensorreceptionand somemultisensortransmission.Multi sensor
transmission/receptionmaybe '-
-Synthetized
-Implementedwitharrayantennasandparalleltransmission/reception
-Implementedwitharrayantennasandafastswitchbetweenvarioustransmissionsand/oreceptions.Theswitch
shouldbebothfastenough,inordertomakesurethatthechannelstaysfixedduringthemeasurement,andwithout
toomuchpowerloss.Thesetwocharacteristicsareverydifficult(andveryexpensive)toobtain.Therefore,it may
happenthatthemeasurementsarerestrictedtoshorttangesuchasmicrocellsorpicocells,duetothelossin the
switchingprocess.
Somepartnersuselineararrayantennas(realor synthetized),somepartnersusecircularorplanar(synthetized)
ant.ennas.Accordingtotheantennatype(andalsointer-elementspacing)ananalysisofmatrixH and/oranangleof
arnvalanalysiswill beperformedthatcanbe2D(azimuth)or3D(elevationandazimuth).
n
Detaileddescriptionofeachcontributorexperimentalsetup.Exploitationplan
n.l IMSTforASILUM
'rh IMST equipment(Fig 1)is basedonaRUSK sounder,havingabandwidthbetween30MHz and120MHz.
antecentre.frequencyis 1.8GHz.Thetransmitteris a verticalpolarizedmechanicalsteerabledirectionalarray
ennaWIthaccompanyingsteppermotorandcontrolunit (Fig.2).The receiveris a circulararrayantenna,
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togetherwithacent~a1e em~nt,allverticallypolarized.Thisarra?,is mountedonarail,witha linearpositiOninfl
system.A fastPINdlOdesWItchesbetweenthe8elementsoftheclrcu1array. I
Advantagesoftheset-upare!
thehightransmitpowercapability.duetotheabsenceofswitchatthetransmitter!
thegainofthetransmittingantenna.(19dB)Consideringwidebandchannelsoundingup to 120MHz,an!
omnidirectionaltransmittingantenna,anda transmitpowerof 20W still limitsthecoveringrangeatr
centerfrequencyof 1.8GHzto 130ID,and2km,in suburbanareaswithNLOS wavepropagation,andin
openareas,respectively.To extendthecoveragerangeadirectionaltransmittingantennaisrequired.
theincreasedmeasurementspeed.This is dueto thefastswitchingcapabilityof themicrowavePIN~'
diodeswitchatthereceiversite. . .
the 8 circularelements,togetherwith the linearrail allowdoubledirectionalanalysis(bothat the.
transmitterAND receiversides).
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Figure 1 Experimentalset-upextractedfrom ASILUM D2.1 [3]
MeasurementEnvironments:
amicroandamacrocellularone.Witha30MHzbandwidth,therangewas600minbothcases.
Exploitationofthedata:
Type1measurements:longandshortermfluctuationsusingasinglelementofthereceiveantenna. .
Type2measurements:Doublydirectionalinvestigations(transmitterandreceiver).ThegoaloftheexperimentistoI
checkthevalidityof apropagationmodelbasedongeometricalconsiderationsandcoinedWidebandDirectional
ChannelTheoreticalModel(describedin [3]).Comparisonsincludedelayandazimuthaverage/RMSspread.
Figure2(left)Transmitterdirectionalantennandrotatingpositioningsystem(right)Receivercirculararrayand
linearpositioningsystem
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11.2 UniversityofBristolfor SATURN
Universityof Bristol(DOB)alsousesa RUSK BRI sounderfromtheMedavcompany,usingaperiodic
multi-tonesignalwithamaximum120MHz bandwidth.Thecentrefrequencyis 5.2GHz,.Thetransmitteris a
uniformlineararrayandassociatedswitchingcontrolandsynchronisationcircuitry.Decorrelationatsmallantenna
elementdisplacementscanthenbeevaluated,whichis significantforMIMO performances.Thereceiveris an8
elementuniformlineararray.Eachelementis dipole-like(Figure3b).A fastmultiplexingsystemisusedtoswitch
thereceiverbetweeneachof theseelementsin turnin o~derto takea full 'vectorsnapshot'of thechannel.
Measurementaccuracyis assuredthroughtheuseof Rubidiumreferencedclocks,withanopticalfibreproviding
synchronisationa dabsolutephasestabilitybetweenthetransmitterandreceiver.
a) TX Array b) RX Array
Figure3: Antennaarraysemployedatthetransmitterandreceiver(5.2GHzdeployment)extractedfrom[4]
MeasurementEnvironments:
TheindoorenvironmentisrepresentedbytheMerchantVenture'sBuilding(MVB) atUniversityof Bristol.The
receiverarraywill besetatthreedifferentlocations,twoin theentrancehall,oneinsidea laboratoryroom.Both
LOSandNLOS caseswillbeavailable.
Exploitationofthedata
Onepurposeis tostudyvariationsofthemultichannelforreceiver/transmitterinafixedposition.TimevariatioI1s
arecausedbypeoplemovingintheenvironment.Longtermstatisticswill alsobeobtainedleavingtheequipment
byitselfduringthenight(fixedenvironment).Datasetswill alsobeanalysedbyKTH in ordertoobtainchannel
modelsandacapacitybenefitanalysisbasedonrealchanneldata.
ll.3 FranceTelecomR&D for SATURN
FranceTelecomR&D usesanewwideband-sounder,developedinternally.Thebandwidthis 250MHz in indoor
environmentand62.5MHz in outdoorenvironment(becauseof permissions).The centrefrequencywill be
5.2GHz.Thewidebandradiochannelexperimentalcharacterisationis a 3Danalysisforeachradiolink end.Two
virtualplanarantennarrayswillbeusedtoinvestig~tespatialenergydistributionatbothtransmitterandreceiver:
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. Figure4 Measurementconfigurationfor FTR&D MIMO experimentation
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Thereceiverantenna(Fig5a)is a9-sensorslineararrayantennaplustwodummyelements.Elementsaredipoles,
madebyFTR&D. Theinterelementspacingis1../4.Anadditionalfixedomnidirectionalntennaisusedasaphase
referenceat thereceiver.The arrayantennais movedalonga micrometrictrackwitha A/4step.Thus,using
differentposition,this can be seenas a virtualplanarantennaarray.The receiverlocationis chosenas
representativeofaRLAN AccessPoint(AP)site,andwillbeplacedvertically.
FigureSa(left):Receiverantennas(lineararrayandomnidirectionalantennaFigureSb(right):Transmitteromni
directionalantennaontheXY micrometrictrack
Thetransmitter(Fig5b)is anomnidirectionalntenna.It is movedalongamicrometrictrackwithaA/4step.CIR
(ChannelImpulseResponse)is measuredateachspatialstep.17stepscorrespondingto41..distanceareused.The i
trackis usedin twoperpendiculardi ections.Thetransmitterlocationis chosenasrepresentativeof Mobiler
Terminalposition.Actually,it will beplacedontheground. j
MeasurementEnvironments: I
Measurementscampaignswereperformedin twodifferentenvironments.Thefirstoneis a typicalcampus-like
Ienvironment.I is characterisedbybuildingseparatedbylargespace(from50mupto200m).Thesecondoneis I
anofficebuilding. .
,
'
Foreachenvironment,severalreceiverlocationswereselected.Foreachof them,about10transmitterlocations
werechosen.In thecampus-likenvironment,someoutdoorto indoormeasurementswereperformed.All of thesei
locationswere chosento studyinfluenceson theMIMO radiochannelcharacteristicsof TX-RX distance,
LOS/NLOS situation,anglebetweenreceiverarrayantennandtransmitterposition,TX location(office,large.
room,corridor,...),
J
Exploitationof data
FTR&D will carryoutan analysisof theangularandtemporalradiochannelselectivity.Of thedata.This
experimentationwill particularlyallowinvestigating2Dand3DspatialenergydistributionsrespectivelyattheAP
andattheMobileTerminalin RadioLAN.Spatialcorrelationbetweenelementsof thevirtualarrayantennas,will
alsobeevaluated.Last,a spatialwidebandchannelmodelwill beproposedfor SIMO andMIMO transmission}
simulations.It willbebasedonageometry-basedmodellingapproach(referencesabouthismodellingconceptcan
be foundin [5]).Its relevantparameterswill beextractedfromtheanalysisof theabovementionedcampaign.
Comparisonsonselectivityparametersbetweensimulationsandmeasurements,will alsobeshown.
ll.4 KTH (RoyalInstituteofTechnoloev.Stockholm.Sweden)for SATURN
Inthecontextof SATURN,KTH will exploitdatafromexperimentationsledbyUniversityofBristolandFTR&D,'<
abovedescribed. f
KTH performeda MIMO experimentationin conjunctionwith Telia, independentlyfromSATURN. This~
experimentusedawidebandsounderof 400MHz bandwidth.Thesoundingsendsapseudo-noisequence.The1
centrefrequencyis 5.8GHz.Thereceiveandtransmitantennarebothof monopoletype.Themultielementcasej
30
. synthetizedby movingthereceivermonopolebetween21positions,spaced1/4wavelength.Thetransmitter
IStennaismovedbetween3positionspaced6wavelengths.an .
MeasurementS~en.ano '" .. . '" .
fudoorofficebmldmgs.The transnutterISposItIOnedm anoffice,whilethereceIverIS locatedIn anopenarea.This
isatypicalNLOS scenario.Measurementshavebeenperfonnedduringstationaryconditionsatnight.
Exploitationof data
KTH concentrateson statisticalmodelswheretheMIMO (andSIMO) channelis describedbythesecondorder
statisticsof thechannelcoefficientswithoutdirectreferenceto anygeometricalparametersof thepropagation.
Sucha modelis usefulbothto generatenewrandomchannelsin simulatedsystemstudies,butalsoin the.
developmentandanalysisof differentsignalprocessingalgorithmsfor thetransmitterandreceiver.In many
scenarios,it isreasonabletoassume"spatialstationarity"meaningthatthesignalcorrelationbetweentwoantenna
elementsonlydependsontheelementdistance,thusfewerparametersareneededtodescribethechannelstatistics.
OnesuchmodelwasrecentlyproposedbytheMETRA partneratAalborgUniversity[6].Thisandothermodels
aresubjecttovalidationagainsttheUoB andFTR&D measurements.TheKTH abovedescribedexperimentledto
averygoodagreementbetweentheindependentidenticallydistributedassumptionfortheelementsofthechannel
matrixH andthemeasuredcapacityresults.
11.5 METRA testbeddevelopedby theUniversityof Aalbore (Denmark)
TheMETRA measurementtestbed(Figure6)consistsof 9parallelreceivingchannels.Inpractice,aunifonnlinear
arraywith4 elementsanda spacingof 1.5.'Ais employed.Theother4 portsareconnectedto 2 dualpolarized
patches.Thelastportis usedforreferencesignalling.Channelsoundingmeasurementsareperfonnedevery20ms
atacarrierfrequencyof 2.05GHz(UMTSband)anda chiprateof4.096Mcps.A morethoroughdescriptionof
thetestbedis givenin [7].TheTX usesa I-to-4switchwitha switchtimeof 50f.1sbetweeneachelementof the
antennaarray,implementingapseudoparalleltransmission.A highpowerfastswitchisnotavailablewhichwould
beusefulwheninvestigatinglargemicrocellormacrocellscenario.
Measurementscenarios
. ForMETRA macrocellinvestigation,thisis nota problemsincedatafroma previousSIMO (SingleInput
MultipleOutput)measurementcampaignwillbeused.Synthesisedarrayanalysiswill beundertakentoprovide
MIMO (MultipleInputMultipleOutput)analysis. .
. ForMETRA microcellinvestigation,theswitchissueis notaproblem.Thedistancebetweenthebasestation
(BS),outdoor,andthemobilestation(MS),indoor,will beselectedsuchthatthepropagationlinkbudgetis
withintheoperatingrangeofthemeasurementtestbed.
. ForMETRA picocellscenario,thedimensionof thecell is suchthatthepowerreceivedis strongenough
withoutusingahighpowerfastswitch.
Exploitationofresults
Oneof thegoalsof themeasurementcampaignis to evaluatethespatialcorrelationthatexistsbetweenseveral
elementsof asameantennarrayfordifferentcellscenarios.
Anotheraimofthemeasurementsis toderiverealisticparametersoftheMIMO radiochannelandtofeedtheminto
theCOSSAP@implementation[6]of thestochasticchannelmodeldescribedin [8]in ordertovalidateit.
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Fig6Configurationset-upfor parallelchannelsounding
measurements,extractedfrom[9J
Figure7Measurementprocedureatthemobile
station,extractedfrom[9J
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Thespecificarrayusedatthemobilestation,togetherwiththe.specificmotiontheyhave(figure7 and8)allo,,1
somedirectionofarrivalmeasurementsat hemobilestation.Indeed,thearrayfirstmovesforwardfromA to~IandinasecondsetofmeasurementsbackwardfromD toC.DuetothespecificdistancebetweenthesetwoparalIa
displacements,namely0.4A, apostprocessinganalysiscreatesavirtual4elementsarraywithinterspacedistan&
of 0.4A (figure8).
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Figure8Topviewdrawingoftheantennaarrayusedduringthemeasurementa dthepostprocessedlinearantenna~
arrayatthemobilestation,extractedfrom[9J "
11.6 Conclusion ~1
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Future work in this cluster will include more about exploitationof data, algorithmic work, and
performances
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